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Abstract: The sulfur oxidizing (Sox) enzyme complex plays a vital role.in the'sulfur metabolism of Thiobacillus denitrificans (Td), with
the SoxAXYZB complex enzyme at its core. Inorganic sulfur compound substrates need to be successfully combined on the SoxAX complex

and transferred to the carrier SoxYZ for further subseque idation. However, the three-dimensional (3D) structure of 7d SoxAX has

not yet been elucidated. The protein threading method was is study in order to construct the 7d SoxAX dimer, and the result was

verified. Differences in the configuration and energy of binding bétween the SoxAX protein model and the substrates thiosulfate, hydrogen
sulfide, and sulfite were then explored using molecular docking experiments. The result shows that the 3D structure of the constructed SoxAX
dimer was relatively reliable. Hydrogen bonds were the major forces that maintained the interaction between SoxA and SoxX. Ten short and

strong hydrogen bonds and one pi-pi interaction' were.involved in stabilizing the dimer structure, and six residues including Arg160 in SoxA and

eight residues including Asn15 played an important role in the stability of the dimer. Molecular docking studies showed that hydrogen

e binding between SoxAX and the three different substrates. The key residues for substrate binding
Cy&, and GIn217. Among the three substrates, sulfide showed the highest binding energy, followed by thiosulfate and sulfite.
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lle185 A1 Arg219 % 18 IMAGEMIMLLER HEC2; SoxX S —
S 3 764 LA L 95 % BB B Alal2. At Co. L, Lysie

Phel3. Asnl5. Lysl6. Lys17. Glyl8. Asnl9. Ala224
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Hor SoxAX AR FIALIL S 10 A
SHEERRRE, P9 SR AR AN E L R T

T A & R TR AR AN S AR LA Al S o,
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Fig.5 Distribution of amino acid interactions at the binding
interface of the SoxAX dimer
E: SoxA F@m sk &AL EERT; SoxX @ik
BARMH AT, S4ERELENELERT, o AN ARE
FERT.

&1 SoxAX ZBRIAEEF LKA S RG T
mary of hydrogen bonds among the residues at the interface of SoxAX dimers

seceptor Residue Ligand esidue Interaction Constituents Distanc/A
( “A:ARG160 B:THR69 A:ARG160:HH12 - B:THR69:0 2.0925
y A:ARG160 B:THR69 A:ARG160:HH22 - B:THR69:0 2.164
A:ASN165 B:HIS77 A:ASN165:HD21 - B:HIS77:NE2 2.3877
A:ARG179 B:THR35 A:ARG179:HH11 - B:THR35:0 1.7571
A:ARG181 B:ASN15 A:ARG181:HH12 - B:ASN15:0D1 1.9288
A:ARG181 B:ASN19 A:ARG181:HH22 - B:ASN19:0D1 2.4075
A:ARG219 B:LYS16 A:ARG219:HH11 - B:LYS16:0 2.2401
A:ARG179 B:MET37 B:MET37:HN - A:ARG179:0 22194
A:ARG179 B:TYR38 B:TYR38:HN - A:ARG179:0 2.19
A:VAL178 B:TYR38 B:TYR38:HH - A:VAL178:0 1.8132

7E: Achain 45 SoxA T ; B chain 45 SoxX L.
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R 2 SoxAX _BRMAESFEAZEE n-n HEER NG
Table 1 Statistical summary of pi interactions among residues at the interface of SoxAX dimers

Receptor Residue Ligand esidue Interaction Constituents Distanc/A
A:ARG181 B:PHE13 B:PHE13-A:ARGI181:NE 6.19
232 #HeAREAER AT T EFT B SoxAX 5 S,057 I x5 830

binding site cavity

6 SoxAX —BR{A & RARRGREATRHE BN T E
Fig.6 Electrostatic potential distribution of the SoxAX dimer
E: BEARTOYR, LEAHHOYK.

SoxAX BRI Hh O X IAFAE KT AR Y 1E
X L 60, 1P EEE AT S X0 T, 1

213K HEC2 456 Ehr B il i A4 LA 35 XN

F, BERILGAFAE AN HHBX(Glul83 ML), Mtk

IERBX AT SR T 5 SoxA Cys214 bk

3 Sy BUR TS A, SoxAX :Eé{zlsnfﬁ/[\
AR TR Bk AR P 3 H A X (A Y @ 96

kT/e-71.88kT/e. R ZRIEHIHEEN 2212.70 kT

24 SoxAX —Ejﬁ%éj\%}’ﬂﬁ

24.1 SoxAX EM P SEAL

DS P2 AR FLi B s i = 674 7 13 AN AT RERY
TEEEHOER, o Site 12 %426 CERERER S,057 1)
BEA A T 1.334, 66.871, 23.212)

42 R TA WA - (Arg210, Gly213,
Cys214 XHIML‘%% HEC2 4.
242450 FRIRFER 2 S,057 4T 2t

GLY213

EC2
7 SoxAX 54 S.0,” HURHIELER
Fig.7 Docking results of SoxAX and thiosulfate
E: SRR LERART; naEAEERT.

MAREIM R, H455RE (binding energy) /T 0.
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5IEW S0, 30K 2 N (B D). S5 5
HAEHBIFRIES Arg210. Cys214 MIMALLER, SHEAE
SoxA ] A:Arg210:HH11 S5 AL 05, LA

I SoxA [ A:Cys214:HG 5 J:04 i
Tl AE B 2:4104 A FI2. CIRE=Es
RUFRMS SoxAX L AL TIERE, Tk
A S,057 IR AAH LR 20l Arg210 A1 Cys214,

5 Sk A 3 TR AL ) AR B S 5
is210 B HE R B WKL 5 i 21 2% R nh bk PR AH B A
» LA wen AHEAEM, IR E MRS,

R E H4 RETHEA IR, BT B SoxAX
A RAC IR T 2 1 I i pose &5 & HEN-7.69

kacl/mol.

243 SoxAX HHARFBELE HoS 4-F 4%

GLY213

GLN217

8 SoxAX 54 H.S XELER

Fig.8 Docking results of SoxAX and hydrogen sulfide
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MAREIM R, H45GRE (binding energy) #1/MT 0.
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%A CDOCKER Energy s fERIN245 R pos 24 #H47
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A BEsREEE. B 4h His210 FRIEA B keI 5 21
RGP AR, 74 1A e FHEAEH, £
FLEAE MARGMINIER . daReit R 1R,
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BB B SoxAX 5 RIBAIR IR Hx i A+ pose
HI4h 4 e N-12.88 kacl/mol..
244 SoxAX 5 Tt SO Fatis

GLY213

NG GLN217

B9 SoxAX 54 SO." BT HE4E
Fig.9 Docking results of SoxAX and sulfite
E SUER L ERAERT; mutEABEERT,
HM\ kP SoxAX 5 $,05™ IF X615 31 30
ARG, He558E (binding energy) #1/NT 0.
)ﬁﬂﬁ%\;mi SoxAX H [ (Td SoxAX) L&Ak
%M1 CDOCKER Energy f fEXHH245 R pos 30 #E47
KT GEA Td SoxAX: SO5™), %HE4E TR SoxAX
SR SO 4 MEHE (B 9). 355K
HARHHIFRFE N Arg210. Cys214 AT 2, 4 N
43 1E SoxA LI A:Arg210:HE 5 ARERE: SO5:04,

A:Arg210:HH11 5 W £ SO;:05, SoxA E
A:Arg210:HHI1 5ERRER SO5:05 LI A:Cys214:
HG 5 iR EE:0, FFIa =k, LA e 4R Y
55 SoxAX G & MEEMEHIRE, T-5KY SO =4
FHE A FHRFE A Arg210 A1 Cys214. %4k His210 5k
REZH KL 5 2 R R A BAE A, SE724 1
AN m-n AHEAE, FERRE M RGMIER. 45
GREVFEAEREN, BERME SoxAX SR
TR Eh e d tF: pose M4 A REN-5.58 k'!,'al/molo
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PR EAT T SoxAX SAN[FIJE %éﬁé\ﬁ%ﬁn el
dif e A g e R R 3R

G HEHET 4 BN HLS>S,05
SRR 1 E, AUEISMLIE M
R O By £ H,S
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Table 3 Statistical summary of binding energy of

best pose between complex SoxAX dimer and different substrates

Binding Energy Protein Complex Entropic
Ligand Name Pose No.
/(kcal/mol) Energy/(kcal/mol) Energy/(kcal/mol) Energy/(kcal/mol)
THJ 23 -7.69 -23564 -23568.13 16.04
H,S 24 -1141 0.00 -23564 -23574.95 11.31
SO; =5.58 0.00 -23564 -23569.12 15.03
4 T4 SoxAX —RIF ST ERMIXHRN S %
Table 4 stlcal su of binding energy of the best pose between complex SoxAX dimer and different substrates
#ngand Ny( Hydrogen b Name Distance Donor Atom Acceptor Atom Angle DHA  Angle HAY
\ A:ARG210:HH11 - THIJ:O; 241 HHI11 Os 123.76 84.11
{ A:CYS214:HG - THJ:O, 2.11 HG Oy 112.67 112.03
H2S. | H,S:H;-A:GLN217:0E1 2.20 H3 OE1 123.45 93.32
SO; A:ARG210:HE - SO;:0, 2.46 HE O, 130.64 152.75
SO; A:ARG210:HH11 - SO;3:0; 2.45 HHI11 0O; 123.86 77.60
SO; A:ARG210:HH11 - SO3:04 2.08 HHI11 O, 142.65 91.50
SO; A:CYS214:HG - SO3:0, 223 HG (03 107.09 111.02

ALV AT T SoxAX B 1=
BARLER) . KH PROCHECK. Verify 3D Al ProSA 7
2R 1R 55 A N SE ARG R e R P 7 TR S0 IE T A2 (1A 3
SHRYERR SoxAX AL EMETMER T, i
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